INTRODUCTION.
Recently one of us (1) has reported upon a series of unsuccessful attempts to reproduce experimental rheumatic fever in rabbits and guinea pigs by intravenous, intraperitoneal, or subcutaneous injections of various materials from patients suffering with this disease. Subsequently different methods (2) were employed which in the hands of other workers have been successful in adapting to growth in laboratory animals certain viruses and microorganisms highly parasitic for the human host. The anterior chambers of rabbits' eyes and rabbits' testicles were injected with blood and joint fluid obtained from patients in the early acute stages of rheumatic fever and with verruca~ of acute rheumatic endocarditis recovered post mortem. The intraocular inoculations proved to be unsatisfactory because the inflammatory reaction could not be differentiated from that incited by the introduction of non-rheumatic material; but in certain of the testicles thus inoculated a diffuse subacute inflammation occurred which was transmissible from animal to animal by inoculation of the bacteria-free testicular emulsions. Control experiments, however, demonstrated the appearance of a similar orchitis in the fourth and fifth transfers of two series; in one the first animal was injected with normal human blood and in the other with the heart valve of a healthy dog. This orchitis could be carried on by the same method of transfer at intervals of about 1 month. With the exception of occasional 773
contaminants, cultures of the testicular emulsions were sterile on ordinary media. Dark-field examinations revealed no bacteria or spirochetes. No cell inclusion bodies were ever found in the lesions. In 1923, as outlined in an earlier paper (3), the present authors continued the search for a virus in the blood and joint fluid of patients with rheumatic fever. As in the previous experiments, rabbits' testicles were inoculated, but the technique was modified by shortening the time between transfers, and by x-raying the rabbits or treating them with benzene. The latter procedure was carried out on the assumption that injury to the hematopoietic system might lower the resistance of the animals to experimental infection. Winternitz and Hirschfelder (4) found that pneumococcus infection was very acute and rapidly fatal in rabbits the bone marrow of which had been rendered aplastic by benzene poisoning. Hektoen (5) demonstrated that repeated doses of benzene greatly reduced the antibody production (lysin and precipitin) in rabbits and rats.
Methods.
The benzene treatment consisted of four to six daily subcutaneous injections of a mixture of equal parts of benzene and olive oil; for the first two doses the animals received 1.5 or 2 cc. of benzene per kilo body weight and subsequently 1 cc. per kilo. This period of benzene treatment was suflScient to lower the leucocyte count in most rabbits to less than 2,000 per c.mm. In the one x-rayed series the animals were exposed daily for 7 days and then every other day until inoculation within another week. In succeeding series of experiments, the intervals between transfers were progressively shortened (see Table I ); 4 day intervals were found to yield the best results.
The substances injected were obtained from patients with rheumatic fever during the acute stages of the disease; they included blood, joint fluid, and unfiltered throat washings. Cultures of the blood and joint fluids showed no growth in ordinary media; the throat washings were not cultured. The rabbits were healthy adult males weighing usually from 1.5 to 2.5 kilos. 1 to 2 cc. of the material was injected into one or both testes of two or three rabbits. Thereafter the testicles were examined daily; and daily rectal temperatures taken. The rabbits were killed by a blow on the occiput; the abdomen was opened and the testicles removed aseptically by that route; when kept alive for immunity tests the animals were etherized and castrated with aseptic precautions. Upon removal from the body the testicles were placed in sterile dishes, inspected, and sectioned. A piece of each was fixed in Zenker for subsequent microscopic examination and two pieces were reserved for culture; the balance was used for transfer inoculation. When the testicles of only one rabbit showed macroscopic changes suggestive of infection they alone were used for transfer. Otherwise the testicles of the two or three rabbits were combined for purposes of transfer. The organs were minced to a fine pulp with scissors, ground in a mortar with sand and 5 cc. of Locke's solution, and centrifuged a few minutes at low speed to throw down the sand. The resulting supernatant suspension was then used for transfer inoculation in amounts of 1 to 1.5 cc.
Aerobic and anaerobic cultures were made of each testicle in the following manner: one piece was cultured in an ordinary dextrose broth tube (5 cc.), the other in a deep Noguchi tube of dextrose broth (10 cc.) sealed with vaseline. It had been found that methylene blue added to these sealed tubes was decolorized by the following morning. Except for very occasional contaminations the cultures showed no growth. Several dark-field examinations of the testicular suspension were negative for spirochetes.
RESULTS.
The results are summarized in Table I . In four of the twelve series there arose in either the 4th, 5th, 6th, or 7th generation 1 certain morbid changes which, once they had appeared, recurred in subsequent generations. These changes were attributed to an infection, the cause of which was not demonstrable but will be referred to as a virus; its exact nature will be discussed later. Of the six series in which transfers were made every 4 days, three were positive. Of the six series in which transfers were made at intervals longer than 6 days, all but one were negative and this was also considered negative at the time; but reexamination of the histological material with the more exact standards of diagnosis later available (i.e. finding of nuclear inclusion bodies) made it probable that this series also was really positive.
Clinical Manifestations of In.fection.--As a rule, the first manifestation of infection was discovered only after histological study of the testicles. Almost invariably, however, clinical evidence of infection appeared within the 2 succeeding generations. While transient swelling of the testicle frequently followed injection of any material, infected rabbits showed, in addition, increasing fullness and firmness of the testicles appearing about the 3rd day, oc-I The rabbits originally inoculated are called the 1st generation; the first transfer inoculation, the 2nd generation, etc.
casionally accompanied by edema of the scrotum. Fever occurred in about half the infected rabbits. The temperature of normal rabbits varies so much that it is difficult to establish a criterion of fever. Of 82 rabbits which were certainly infected, 47 per cent showed a rectal temperature of over 103.5°F., while 23 per cent had fever of over 104°; in comparatively few (10 per cent) the temperature rose to 105 ° or more. Often undoubtedly infected animals showed neither local macroscopic nor general manifestations of disease. As the rabbits were usually killed on the 5th day after inoculation, few data are available as to the duration of the fever and other symptoms. One rabbit, however, which was inoculated into both testicles and castrated on one side on the 5th day, continued to have fever of about 104 ° for 12 days after inoculation; but fever of this duration was exceptional.
The gross appearance of infected testicles varied. Some were greatly swollen and purplish red in color, with much distended capsules. On section there was oozing of serum; the testicular paten-chyma was soft and showed at times yellowish necrotic areas, like small abscesses, scattered through its substance. Animals with such acutely infected testicles usually had high temperatures; and the disease in them appeared to have a shorter incubation period (2 or 3 days). In most cases the testes were only moderately swollen, congested, and soft. In still other instances there were no macroscopic changes, even though microscopic examination showed histological lesions. In one series of rabbits an apparent variation in virulence went in waves of 2 or 3 generations with acute hemorrhagic lesions followed by 2 or 3 which were macroscopically almost normal; this sequence was repeated three times without obvious explanation. The occasional deaths among our rabbits could always be attributed to some cause other than this infection.
Pathological Description.--Microscopic examination of sections of severely affected testicles stained with eosin and methylene blue revealed a diffuse orchitis (see Fig. 1 ) with "nuclear inclusions."
The seminiferous tubules contained no spermatozoa, the germinal epithelium was morbidly altered, often necrotic. The intertubular spaces were filled with inflammatory cells; the predominant type of cell had a large, pale, irregularly elliptical nucleus and pale or bluish pink cytoplasm and corresponded in appearance to endothelial leucocytes, or macrophages. Polymorphonuclear neutrophils and eosinophils and plasma cells occurred in variable numbers. The most characteristic feature was the presence in the nuclei of certain cells of uniformly stained pink or purplish bodies, sometimes multiple, but usually single, and always surrounded by a clear zone (see Fig. 2 ). They varied from tiny granules to large bodies which seemed to distend the nucleus to unusual size. The only blue-staining chromatin material in such swollen nuclei was a thin rim enclosing the narrow clear zone surrounding the inclusion body. These nuclear inclusions occurred in great numbers in some testicles, and were usually obvious enough to be easily discernible with the low power objective of the microscope. The alteration in the morphology of the ceils containing inclusion bodies made difficult a diagnosis of their type; but whenever this was possible the cells appeared to be endothelial leucocytes. Nuclear inclusion bodies were occasionally found in testicles showing relatively little abnormality. Small areas of hemorrhage and edema were often present, and engorgement of the smaller vessels was common.
Sections of testicles which bad been infected for 2 or 3 weeks showed more or less complete destruction of the germinal epithelium, fewer inflammatory cells in the intertubular spaces, and proliferation of fibroblasts and newly formed capillaries. Such sections never contained nuclear inclusion bodies; in fact these were never found later than 10 days after inoculation of the testis. The picture described above is that of a well marked infection. The changes were not always diffuse; spermatogenesis was sometimes comparatively little disturbed.
Skin Inoculations.--Successful attempts were made to inoculate the virus into organs or tissues other than the testicle.
After one or two unsatisfactory attempts to produce lesions by rubbing tesficular emulsion into the scarified skin of rabbits, the intradermal method of inoculation employed by Rivers and Tillett (6) was adopted and gave reliable results. The rabbits were clipped and shaved on the flank and 0.2 cc. of testicular suspension was injected intradermally with a fine needle. The emulsion used for this purpose was thinner than that used for testicular inoculations; it was usually a 10 or 20 per cent suspension centrifuged for 5 minutes at high speed. After such inoculations an erythema appeared on the 3rd to 6th day, and increased in intensity for 2 or 3 days to an area of from 2 to 3 cm. in diameter slightly raised above the surface; after this it gradually faded. A few days later the shaved areas of the skin of the rabbits often became pigmented, while the previously erythematous areas remained pale. Histological examination of the infected skin showed that the lesions were immediately below the epidermis; they consisted of infiltration with mononuclear cells, mostly endothelial leucocytes, also variable numbers of lyre° phocytes and polymorphonuclears. Nuclear inclusions like those found in the testicle were not numerous but a few typical ones could usually be found on careful search (see Fig. 3 ). Suspensions of normal testicles produced no lesions like those described above, either macroscopically or microscopically.
Intrathoracic Inoculations.--At a time when the relation of the virus to rheumatic fever was still an open question, six rabbits were inoculated with tesficular suspension into the right side of the chest, in the neighborhood of the heart. One of these died during the inoculation; three of the other five developed a fibrinous pericarditis.
In two rabbits this was limited to the parietal pericardium near the site of injection; although the pleura appeared normal in these rabbits, small masses of fibrin were found free in the pleural cavity. Histological examination showed the pericardium to be extensively involved in some areas and comparatively normal elsewhere. In the more severely affected zones the lining endothelial cells were swollen, cuboidal or columnar, and in places piled one on the other in a thickness of two to four cells. Slightly deeper in the pericardium there were marked accumulations of cells of various types, such as endothelioid cells, lymphocytes, a few fibroblasts, and occasional polymorphonuclear eosinophlls. A few multinuclear cells were seen with closely packed nuclei. Pink-staining nuclear inclusion bodies similar to those seen in the testicle and skin were not infrequently encountered (see Fig. 4 ). Beneath the most actively inflamed visceral pericardium an occasional yellowish area was seen passing into the myocardium. Histologically there were myocardial lesions of various sizes and types. In places radiating from foci of pericarditis such as described above there were strands of mononuclear cells
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passing out betweei~ the muscle fibers for variable distances. Elsewhere small lesions were encountered not in connection with an inflamed pericardium; these consisted of small clumps of mononuclear cells of various types closely packed together, and from them passed columns of similar cells radiating out between muscle fibers. One lesion was seen about 1 ram. in diameter near the base of the left ventricle, not far from the endocardinm. Microscopically it consisted of a mixture of irregularly shaped degenerating muscle cells, a few wandering cells, and many proliferating cells. The latter were elongated, often branching, and had long oval vesicular nuclei; in places they were very large and had several nuclei arranged in rosettes; in other places multiple nuclei were arranged in rows. These giant cells have been described in various types of myocarditis, and are supposed to arise from the degenerating muscle fibers. At the periphery of the lesion the degeneration of muscle gradually decreased in intensity until the pathological appearance consisted simply of more or less normal appearing muscle fibers separated by a few mononuclear cells. The endocardium near this lesion had an appearance similar to that seen in the loci of perlcarditis. Nuclear inclusion bodies were found both in the markedly involved area and between the normal appearing muscle cells at the periphery of the lesion (see Fig. 5 ). That these changes were not due merely to the irritation of the tesUcular suspensions is indicated by the results of eight earlier intrathoracic injections. These were made with material from a series which remained quite negative; in no instance was a fibrinous pericarditis or a myocarditis produced.
Intracerebral Inoculations.--Two fully etherized rabbits were inoculated intracerebrally through trephine holes over the left frontal lobe of the brain with 0.25 cc. of testicular emulsion.
From one of these animals a series was carried on with transfers every 4 days for 4 generations.
In no case was clinical evidence of encephalitis forthcoming; nor were characteristic changes found on microscopical examination. At most there was a little fever, usually during the 2 days following inoculation. While the majority of the rabbits were sacrificed on the 5th day in the hope of carrying on infection, two were allowed to survive for 18 and 20 days respectively, but remained unaffected. The data are, however, insufficient to establish that rabbits cannot be infected by intracerebral inoculation especially in view of the finding of Rivers and Tillett (6) that rabbits can be immunized by that route against the virus they studied.
Immunity Phenomen, a.--It was found that rabbits inoculated with the virus either into testicles or skin were refractory to further intradermal inoculations when tested between 12 and 20 days later. No detailed experiments were conducted to determine how soon the immunity appeared or how long it persisted. Rabbits immunized against one strain of virus were later immune both to the same strain and to other strains with which we were working. The results of our experiments are shown in Table II . The virus used in testing for immunity was in every case shown to be active by parallel tests on uninoculated rabbits.
In order to obtain further evidence as to whether a true immunity was present, the power of the serum of inoculated animals to neutralize the virus in vitro was tested. The testicular suspension used for skin inoculation on a normal rabbit was previously mixed with an equal volume of the serum to be tested; control inoculations of suspension mixed with an equal volume of saline or normal rabbit serum were made on the same animal. Each test was run in duplicate. It was found that sera taken between 15 and 21 days after the inoculation of a rabbit possessed the power of neutralizing all strains of the virus in vitro. Details of the experiments are shown in Table III .
Relationship of the Virus to That Described by Rivers and Tillett.--At an early stage in the investigation it became obvious that the virus with which we were working resembled in many ways that encountered by Rivers and Tillett (6, 7) in the course of their studies on chicken-pox. The technique employed by us was identical with theirs; our virus gave similar clinical, macroscopic, and histological pictures in rabbits, and similar skin lesions. Immunologically, also, it behaved in the same way. The only difference was that their rabbits had been originally inoculated with the blood of chicken-pox patients, while ours had received the blood or joint fluid of patients with acute rheumatic fever. Cross-immunity experiments were accordingly conducted in cooperation with Dr. Rivers and Dr. Tillett in order to elucidate the question of the relationship between the two viruses. These are also summarized in Tables II and III. The experiments showed that animals inoculated with our virus were later refractory to skin inoculations with theirs and vice versa; serum neutralization tests confirmed the idea that the two viruses were identical. It may be mentioned that Rivers and Tillett (6) had on other grounds begun to doubt the etiological relationship of their virus to chicken-pox. 
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Neutralizing power of serum. A still more conclusive experiment was performed later with two rabbits. These were bled and their serum was found not to neutralize our virus; they were then inoculated both intradermally and intratesticularly with our virus. The skin inoculations took well; the testicles were inflamed, and one of them removed after 4 days, under ether anesthesia, showed characteristic nuclear inclusions in sections. 23 days after inoculation the rabbits were bled; their serum was found to neutralize our virus, and the rabbits were found to be refractory to intradermal inoculation with the Rivers-Tillett virus.
In Vitro Neutralization Tests with Rheumatic Fever Sera.--In order to determine the relationship of this virus to rheumatic fever, similar neutralization tests were performed with the sera of eleven rheumatic fever patients, and with that of three patients with cardiac disease, probably of rheumatic origin. Some of the rheumatic fever patients were convalescent, but in most cases they showed evidence of persisting infection. In no instance was there any evidence of neutralization of the virus by these sera. These findings confirmed our growing suspicion that the virus isolated bore no relation to rheumatic fever.
Survival of the Virus in Vitro.--Attempts were made to preserve the virus in vitro in two ways: (1) by the aid of glycerol; and (2) by drying the virus in a frozen state.
1. Glycerol.--Active testicular emulsions were briefly centrifuged; the supernatant was well mixed within an equal volume of pure glycerol, placed in a tube sealed with paraffin, and kept in the ice box.
This was tested as follows: Some active emulsion of testicles infected with Virus FR, after storing with glycerol up to 50 per cent for 10 days, caused acute orchitis in one rabbit. Two more samples stored for 14 and 18 days respectively were proved active in the same way. (See Table IV for details of experiments.) (8) has published the details of a technique for preserving stock bacterial cultures by freezing and drying them in the frozen state. He found that bacteria of various types could be preserved for years in this manner; and quotes observations showing that the viruses of rabies and of Rous' chicken sarcoma can be preserved in the same way. In this way we stored active testicular emulsions from several rabbits; the results of the subsequent tests are shown in Table IV .
Freezing and Drying.--Swift
In this table, a positive intratesticular inoculation means the production of an orchitis with the presence of nuclear inclusions on histological examination.
It will be seen that the frozen and dried virus readily survived for a few days, but after 10 weeks had apparently lost some or all of its activity. It is unlikely that the positive results after one transfer can be ascribed to our picking up the virus anew, since in none of our other series nor in eleven of Rivers and Tillett's did a virus ever appear earlier than the 4th generation. Positive intratesticular inoculation.
Freezing and drying.
(game batch). Intratesticular inoculations apparently negative at first, but positive after one transfer.
Intratesticular inoculation negative; but positive intradermal test after one transfer. No evidence of survival even after one transfer.
S~ARY.
1. Blood and joint fluid of patients suffering from rheumatic fever were inoculated into the testicles of rabbits, and transfers were made from testicle to testicle at varying intervals. In three series, in none of which were the periods between the transfers longer than 4 days, a virus was recovered which produced acute orchifis in rabbits. The virus could be indefinitely propagated from rabbit to rabbit.
2. Intradermal inoculation of the virus led to the appearance of raised erythematous lesions in 3 to 6 days.
3. Intrathoracic inoculations near the heart led to a fibrinous pericarditis in three out of five rabbits, and to a myocarditis in one.
4. Nuclear inclusion bodies staining pink with eosin were found in the lesions in the testis, skin, pericardium, and heart muscle.
5. Rabbits inoculated into skin or testes were refractory, 2 weeks later, to further intradermal inoculations; after this interval their serum had developed the power to neutralize the virus in vitro.
6. The virus can be preserved in 50 per cent glycerol for at least 18 days. It can be preserved after freezing and drying for at least 8 days and probably for 10 weeks.
7. Cross-immunity tests point to the identity of the virus with that described by Rivers and Tillett in their studies on chicken-pox as Virus III.
8. These facts together with the failure of rheumatic fever sera to neutralize the virus indicate that it bears no etiologic relationship to rheumatic fever. 
